Epithelial ovarian cancer (EOC) is a complex disease that arises due to genetic alterations related to proliferation, apoptosis, and senescence. The majority of the cases of EOC arise because of sporadic accumulation of genetic damage, 1 but 10% arise in women with a known germ-line mutation in BRCA1 or BRCA2.
than 10%-15% will remain in permanent remission. 8 Although advances in treatment have led to an improved five-year survival rate approaching 45%, overall survival has not been enhanced. Therefore, the discovery of a method for early detection of EOC cancer is crucial.
Although ovarian cancer has a high mortality rate, it is still a relatively uncommon disease. The incidence is no more than 40 per 100,000 per year even in the postmenopausal population. 9 There is therefore a concern that the morbidity (and potentially mortality) associated with complications of surgery for false-positive screening results will outweigh the benefits of early detection in women with true-positive results. To be acceptable for this population, a screening strategy must achieve a minimum positive predictive value (PPV) of 10% (ie, no more than nine false positives for each true positive). To achieve this 10% PPV target when screening the general population of postmenopausal women with an incidence of 40/100,000/year, a screening test for ovarian cancer will need to achieve a minimum of 99.6% specificity.
The lack of specific markers for ovarian cancer makes it difficult to achieve the clinical objective of early detection using noninvasive screening methods. Until now, screening consisted of physical examination, ultrasound, and/or cancer antigen 125 (CA-125). However, when taken together, these parameters only detect 30%-45% of early disease. Thus, the identification of other cancer-specific markers for early detection of EOC is essential to improve our ability to accurately detect premalignant changes or early stage EOC in asymptomatic women. 10 Because currently available strategies for the prevention of ovarian cancer have not proven as effective as interventions targeted against other cancers in women, there has been tremendous interest in using genomics and proteomics to identify potential new markers that can be used in early detection of this disease. 11 Technological developments have led to rapidly expanding knowledge about gene expression and protein patterns in ovarian cancer. Genomic tests have been used for the presence or quantity of the product of a single gene, tests for inherited or acquired mutations in genes that convey an increased risk of developing ovarian cancer, or that predict differential responses to therapy (polymorphisms of breast cancer genes 1 and 2 (BRCA1/2)), tests for quantitative expression of either single genes or multiple genes (antibody micro-arrays) and tests for protein expression, particularly in serum, that identify differential patterns between normal patients and patients with ovarian cancer. Analysis of the presence/absence/abundance of known proteins/peptides in the serum using, Enzyme-linked ImmunoSorbent Assay (ELISA) or cytokine/antibody multiplex has yielded a number of biomarker combinations with increased specificity and sensitivity for ovarian cancer relative to CA-125 alone. 12, 13 The main objective of these biomarkers is to improve clinicians' ability to accurately detect premalignant changes or early stage EOC in asymptomatic women.
After the markers are established, a major challenge is to define the right population that will benefit from the test and how to apply it in a clinical framework.
In the following sections, the authors discuss the strategies used for the development of a novel panel for the early detection of ovarian cancer, as well as the pros and cons of its clinical application.
PROTEOMICS FOR THE DETECTION OF OVARIAN CANCER
Proteomics involve the measurement of serum proteins to identify potential biomarkers.
14-17 ELISA and multiplex bead array are two main proteomic assays that have been used for the development of blood tests for early detection of ovarian cancer. These assays have yielded a number of biomarker combinations with increased specificity and sensitivity for ovarian cancer relative to CA-125 alone. [18] [19] [20] Because of the complexity and heterogeneity of ovarian cancer, no single biomarker will be able to discriminate between healthy women and ovarian cancer patients. Similarly, no single biomarker will be able to detect all subtypes and stages of the disease with a high enough specificity and sensitivity. The use of a combination of biomarker candidates would provide greater potential for early detection of ovarian cancer. 19, 20 Moreover, the selection of an appropriate combination of biomarker candidates, which can be multiplexed, may provide a great potential for ovarian cancer biomarker discovery and prevalidation.
ELISA
ELISA is a biochemical technique used in immunology to detect specific proteins in a sample. It has been widely used as a diagnostic tool in medicine and involves the capture of an unknown amount of antigen onto a polystyrene microtiter plate. After antigen immobilization, it is detected using a conjugated secondary antibody, which forms a complex (''sandwich'') with the antigen. The enzyme conjugated to the secondary antibody then catalyzes a reaction that yields a detectable signal. Signals are either chromogenic or fluorometric.
Multiplex Bead Array
Multiplex bead arrays permit the simultaneous quantitation of multiple proteins in solution using spectrally distinct beads coated with different antibodies. This technology allows the analysis of up to 100 different proteins in a single microplate well. Essentially, it is an ELISA on a bead. The constituents of each well are drawn up into the flow-based Luminex array reader, which identifies each specific protein/antigen based on the bead color of its corresponding antibody. This system can simultaneously quantify up to 100 protein targets in culture media, sera, or other matrices and can automatically analyze up to 96 samples in under 35 minutes. The system generates a standard curve and therefore provides specific measurements of protein concentration. 21 
DEVELOPMENT OF BIOMARKER PANELS: A ROADMAP FOR SUCCESS
A great deal of effort has been invested by multiple groups in pursuit of identifying combinations of markers that could improve the sensitivity and specificity for the diagnosis of early-stage ovarian cancer. At least 30 blood and urine markers have so far been combined with CA-125 for this purpose. These studies, however, compared only two or three markers at a time and showed an increased sensitivity but an associated decrease in specificity.
As mentioned above, for the early detection of EOC, it is crucial to develop panels of biomarkers that can increase both the sensitivity and the specificity. An ideal test should be able to distinguish between a healthy woman and a patient with early stage disease-with a high degree of specificity and sensitivity. Such a test must be reproducible, quantitative, noninvasive, and inexpensive.
The authors' approach in the development of an early detection test has followed the suggested ''roadmap'' proposed by Anderson and by Gagnon and Ye, 12, 22 which is comprised of three phases: discovery, verification/validation, and clinical implementation. The process used in developing the final panel of protein markers involved several different screening steps, used samples obtained from different patient populations, and was validated with different techniques.
Detection of Ovarian Cancer

Discovery Phase
In the first step of the discovery phase, novel biomarkers were identified by comparing factors in serum or urine samples collected from healthy controls and from ovarian cancer patients. This approach seems to lead to more clinically relevant candidates, as the ultimate goal of a diagnostic test is one that is noninvasive, can be easily performed on serum or urine, and is relatively painless. In this phase, the authors used the rolling circle amplification (RCA) assay, which, like mass spectrometry, is a powerful technology for discovery but not for diagnostics. The authors first analyzed the expression levels of 169 proteins in serum samples collected from 18 untreated EOC patients and 28 healthy, age-matched controls. The authors limited the output to proteins associated with the control of cell growth and therefore avoided covering the whole proteome. In this initial screen, 35 proteins were differentially expressed between healthy women and newly diagnosed EOC patients based on ANOVA tests, with P-values of 0.05.
In the second step of the discovery phase, the authors evaluated the specificity of the 35 potential markers by changing the patient cohort. Again using the RCA technology, the authors evaluated a different patient population while maintaining the same clinical characteristics as the previous group. After further validation with an additional 40 patients, the number of potential biomarkers was reduced from 35 to 10, based on ANOVA, with P-values of less than 0.05. This second screening step has the advantage of removing potential ''stress proteins'' that could lead to nonspecific biomarkers. Furthermore, these results emphasize the importance of using multiple patient groups for discovery and for validation.
The third step in the discovery phase involves the evaluation of each individual marker using a different technology and preferentially one that could be used in the clinic. In this case, the authors proceeded to evaluate the markers obtained from the discovery phase using commercially available ELISA kits for each of the identified proteins.
The ELISA results showed that four proteins, out of the 10 could accurately discriminate between healthy individuals and cancer patients. These proteins were: leptin, prolactin, osteopontin (OPN) and insulin growth factor II (IGF-II). These four biomarkes showed perfect correlation between the RCA immunoassays and ELISA. In addition, the expression pattern between the control (healthy) and case (ovarian cancer) sets was different for each protein. Both prolactin and OPN were significantly elevated in EOC serum, whereas leptin and IGF-II levels were reduced.
The authors then evaluated the capacity of each protein to discriminate between the case and the control cohorts. Although each protein had an AUC significantly above 0.5, none of the markers individually had enough sensitivity and specificity. Only when used together was the panel of biomarkers able to discriminate between control and cancer group samples.
To differentiate between healthy subjects and ovarian cancer patients, and healthy subjects after sample decoding, the authors evaluated several statistical approaches and used statistical cluster analysis for the final model. First, split points for each biomarker were established. The split point divides the sample space into two intervals: one for normal and another for cancer. The best split point for each marker was chosen to minimize the number of misclassified individuals. Using split point analysis with four markers, cancer is predicted by having two or more markers in the abnormal range and a normal finding is defined by one or zero markers in the abnormal range.
Validation Phase
The first step in the validation process is the evaluation of the model in a blind study. Thus, the authors used a cohort consisting of 206 serum samples, which included samples from 106 healthy subjects and 100 ovarian cancer patients (24 stage I/II and 76 stage III/IV). The model was able to identify 96 out of 100 EOC patients (96%), including 23 of 24 patients with stage I/II EOC. In the healthy group, 6 of 106 individual were incorrectly diagnosed (5.6%).
The final results of the test have shown a sensitivity of 95% and a specificity of 95%, (Fig. 1) . Therefore, not only did ELISA provide a platform for the quantitative measurement of proteins and assay reproducibility, there was also verification in pattern of response of biomarkers between RCA and ELISA. 19, 20 
CLINICAL IMPLEMENTATION
Although ELISA could discriminate between healthy and early stage disease with a high degree of specificity and sensitivity, there are limitations with the use of this technology for a multiple biomarker test. The first limitation is the potential variability in overall results between the different ELISA kits, and second is the high cost of performing multiple ELISAs. Therefore, the use of Multiplex bead array could represent a better approach for this type of tests.
Multiplex bead array provides numerous advantages as a platform for the diagnostic implementation. 19 With Multiplex bead array, one has the ability to measure multiple markers in a small sample volume. Thus, this platform could simplify the development of a diagnostic test and could decrease the potential interassay variability. This result makes the Multiplex bead array suitable for large validation studies.
The authors' first objective was to determine whether a multiplex bead array could adequately replicate the results previously obtained with ELISA. Therefore, the authors compared concentrations obtained for prolactin, leptin, OPN and IGF-II from by ELISA and a multiplex bead array using 50 serum samples from newly diagnosed ovarian cancer patients and 50 serum samples from age-matched healthy individuals. Results showed that both ELISA and multiplex assay exhibited the same pattern for the four markers. Statistical analysis of the values obtained from the Multiplex assay showed Fig.1 . Receiver Operating Characteristics (ROC) curves for composite predictors, corresponding to final model using four markers and the six markers with the different cohorts. Note the improvement with the six markers and the similarity of the results independent on the cohort analyzed. similar results to that previously reported using ELISA (95% sensitivity and 94% specificity).
Thus, the authors selected this platform as a potential replacement for the combination ELISA; in addition, two markers were added to the panel: macrophage inhibitory factor (MIF), which was found to be highly expressed in the serum of ovarian cancer patients, 23 and CA-125. The combination of these six biomarkers is more than adequate to provide the sensitivity and specificity required but not sizable enough to impede and complicate evaluation.
The characterization of this new panel was done following the same guidelines as described for the biomarkers using ELISA. That is, a test group was used for creating the model and a different test group was used to create the model. In both steps, evaluation was done in a blind manner. The statistical results for the final model indicates a sensitivity of 95.3% and specificity of 99.4%. 24 The multiplex bead array for the detection of ovarian cancer was developed in collaboration with Millipore. The kit, known as the Beadlyte Cancer Biomarker Panel Kit, includes two panels: one for leptin, prolactin, MIF, OPN, and CA-125 (Beadlyte 5-plex Cancer Panel); and a separate panel for IGF-II (Beadlyte Anti-human IGF-II Bead Set).
The panel is manufactured under strict regulatory conditions ensuring the reproducibility of each batch and a low coefficient of variation (intra-and inter-CV%), two important requirements for its application in clinical trials and potential clinical use.
BIOLOGICAL RELEVANCE OF THE MARKERS
The biological significance of the described biomarkers provides for a better understanding of the test. The proteins identified in this study, with the exception of CA-125 and MIF, are all related to the normal physiology of the ovaries. These proteins are produced either by the surrounding supportive cells or as a response to signals originating from the ovary. IGF-II is the primary IGF in the human ovary, acting as mediator of gonadotropin action. 25, 26 Prolactin on the other hand, has been shown to participate in the regulation of steroidogenesis in ovarian follicles, particularly the inhibition of progesterone secretion in the early stages of the follicular growth and its enhancement in the luteal phase. 27, 28 There is strong evidence that links leptin and the hypothalamic gonadotropin releasing hormone secretion, which affects the hypothalamic pituitary-ovarian axis. 29 Osteopontin is overexpressed in a cancers including lung cancer, breast cancer, colorectal cancer, stomach cancer, ovarian cancer, melanoma and mesothelioma. 30, 31 CA-125 is a mucinous glycoprotein and product of the MUC16 gene, and a protein antigen found in abnormally high levels in the serum of women who have ovarian cancer. However, as already stated, CA-125 is not specific enough to be used for population-based screening due to its poor specificity. 13 MIF is an inflammatory mediator involved in cell-mediated immunity, immunoregulation, and inflammation. 32, 33 The level of expression of these proteins is maintained by a delicate balance between each of the cellular components of the ovary. The authors hypothesize that the presence of abnormal cells may alter this intercellular communication and disrupt the axis, resulting in the abnormal expression levels observed in cancer samples. The proteins identified in this study may not represent factors produced by the tumor but instead represent the organ/body's response to the presence of neoplastic cells. The authors propose that significant levels of products secreted by the tumor could only be detected in peripheral blood at later stages of tumor development; however, the body is able to recognize and respond to early stages of the tumorigenicity, and this is reflected in peripheral blood proteins. Based on this premise, the protein panel identified in this study is able to detect early stages of the disease.
CLINICAL APPLICATION: WHO AND WHEN
A major concern associated with the clinical use of biomarkers is the potential ''false positives.'' The PPV is used as the standard for the determination of potential benefit/ risk of the test. As indicated above, ovarian cancer is a ''rare'' but lethal disease. Any test, even with a specificity of 99.9%, will have a PPV not larger than 10% if it is calculated based on the general population. It means that only 1 of 10 women who were positive for the test would have ovarian cancer. If that approach is adopted, there is no value in developing a test. This is true for all forms of cancers which have a low incidence, such as ovarian and pancreatic cancer.
Based on this knowledge, there is a general consensus in the biomarker-research community that screening the general population has no value. It is, therefore, necessary to focus on specific groups where the risk of developing the cancer is higher. This population might be the group that can benefit from the test. 10 The value of a test exists when it is applied to what is considered a high-risk population, which may further differ in incidences because of different genetic background and family history. For these cases, it is necessary to calculate PPV for each subgroup. Research on previous screening technologies suggests that cancers detected by screening may be more likely to have clinicopathologic features and better prognosis than cancers diagnosed clinically. Therefore, to obtain valid estimates of sensitivity, specificity, and predictive values for screening women at high-risk, research may need to be conducted within the specified high risk populations, not among women in the general population.
Furthermore, no blood test, in any clinical context, even with a high PPV, is meant to be used as a final diagnosis. A blood test is usually inexpensive, and it can be performed repeatedly. In the context of ovarian cancer, a blood test would provide an excellent alternative to less sensitive, more invasive, and more expensive tests such as imaging. A blood test will limit the use of CT scan or MR imaging unless clearly indicated.
Another major concern is that the use of these types of test will lead to unnecessary surgeries. Interestingly, the recommended approach for the prevention of ovarian cancer for patients in the high-risk group is preventive surgery (salpingo-oophorectomy). 34 However, from 100 preventive oophorectomies, only one or two cancers are identified. 35 Therefore, 98 women undergo unnecessary surgeries. The use of this test may help to postpone or completely avoid the surgical procedure if the results of the test are negative.
SUMMARY
This article has discussed the steps in the development and characterization of a test for detection of ovarian cancer using three different platforms, four types of statistical analysis, and two different sample cohorts. The use of this or other panels with similar sensitivity and specificity provides a potential viable alternative to screening for CA-125 alone for the diagnosis of ovarian cancer. The implementation of this test for a high-risk population may postpone or completely avoid unnecessary surgical procedures and may provide an additional tool for the management of this deadly disease.
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